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TITLE OF THE INVENTION 

A METHOD TO ENABLE ASSESSMENT OF 
GROWTH AND DEATH OF MICRO-ORGANISMS 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] The present application is a national stage filing under 35 U.S.C. $371 of 
PCT/FI00/00507 filed on 7 June 2000 and claims priority under 35 U.S.C. SI 19 to Finland 
patent application No. 991296 filed on 7 June 1999. 

[0002] This invention relates to a method to enable the assessment of growth and death 
of a micro-organism within a chosen time period in an environment of interest. 

BACKGROUND OF THE INVENTION 

[0003] When studying growth and death of a micro-organism under the influence of 
specific environments, e.g. production and storage environments that e.g. could or could not be 
refrigerated, or involving chemicals or matrixes, e.g. antibiotics, microbial toxins, heavy metals 
and serum complement, microbial cultures are most often incubated for hours or days. In these 
circumstances death and growth occur simultaneously. If additionally some of the cells lyse, e.g. 
when analysing the serum complement, it is difficult to know to what one should compare the 
amount of living cells at the end of the experiment. Convenient methods to determine the 
number of living cells, e.g. by measuring luciferase bioluminescence, are known but if no more 
information is available it is impossible to assess to what extent growth or/and death of the 
micro-organisms takes or has taken place. 

[0004] Growth rates and death rates of micro-organisms in specific environments are of 
interest in many areas. Death rates and growth rates of micro-organisms and especially harmful 
and/or pathogenic micro-organisms are of importance in risk assessments of products of the 
pharmaceutical industry and products for human consumption with regard to their production, 
storage and distribution to the consumers. Knowledge of death and growth rates of micro- 
organisms are of particular importance in specific applications such as in the development of 
antibiotics, disinfectants and bactericidal products or monitoring of sterilisation, disinfection and 
cleaning processes. 

[0005] Reporter genes coding for luminescent or/and fluorescent products have been 
introduced to micro-organisms to enable the assessment of the quantity or survival of living 



micro-organisms (WO 96/23898, WO 98/14605, WO 98/30715, WO 98/36081, US 5,824,468). 
Even simultaneous use of luminescent and fluorescent markers has been used (Fratamico et al., 
Journal of Food Protection, Vol 50 No 10, 1997, 1167-1173). Luminescent and fluorescent 
markers have, however, only been used as markers for survival of micro-organisms and the use 
of two different markers within one micro-organism enabling the differentiation between growth 
and death rates has not been reported. 

OBJECT AND SUMMARY OF THE INVENTION 

[0006] The object of the present invention is to provide a method to enable the 
assessment of the growth and death of a micro-organism within a chosen time period in an 
environment of interest by introducing into said micro-organism at least two reporter genes. The 
method is characterised in that 

a) said reporter genes code for luminescent and/or fluorescent products and within 
said time period and environment at least two said products of the following are 
produced: 

i) an essentially stable product produced in a, within the environment of 
interest, essentially known proportion to the total amount of cells of said 
micro-organism that are or have been alive within said chosen time 
period, 

ii) a product present in said environment of interest in an essentially known 
proportion to the amount of cells alive at any moment within said chosen 
time period and 

iii) an essentially stable product produced in a, within the environment of 
interest, essentially known proportion to the total amount of cells of said 
micro-organism that have died within said chosen time period, 

and said products can be measured through their luminescence and/or 
fluorescence; 

b) said micro-organism is incubated within the environment of interest and said 
luminescence and/or fluorescence is detected after said chosen time period, and 

c) the growth and death rate of the said micro-organism is assessed based on at least 
two of the following: 



i) the known proportion of luminescence or fluorescence to the amount of 
cells alive after any said chosen time period, 

ii) the known proportion of luminescence or fluorescence to the total amount 
of cells that are or have been alive within any said chosen time period, 
and 

iii) the known proportion of luminescence or fluorescence to the total amount 
of cells that have died within any said chosen time period. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Figure 1 shows plasmid pGFP-Huc* including genes for both GFP and firefly 
luciferase. 

[0008] Figure 2 shows fluorescence during growth phase of E, coli with plasmid 
pGFP+luc* at 30 °C as a function of the concentration of ethanol in the cell culture. 

[0009] Figure 3 shows luminescence during growth phase of E. coli with plasmid 
pGFP+luc* at 30 °C as a function of the concentration of ethanol in the cell culture. 

[0010] Figure 4 shows the amount of living cells, i.e. colony forming units, according to 
plating during growth phase of E. coli with plasmid pGFP+luc* at 30 °C as a function of the 
concentration of ethanol in the cell culture. 

[0011] Figure 5 shows the percentage of living cells according to live/dead staining and 
flow cytometric analysis during growth phase of E. coli with plasmid pGFP+luc* at 30 °C as a 
function of the concentration of ethanol in the cell culture. 

[0012] Figure 6 shows fluorescence before and after incubation with serum complement 
during growth phase of E. coli with plasmid pGFP+luc* at 30 °C as a function of the 
concentration of serum complement in the cell culture. 

[0013] Figure 7 shows luminescence before and after incubation with serum complement 
during growth phase of E. coli with plasmid pGFP+luc* at 30 °C as a function of the 
concentration of serum complement in the cell culture. 

[0014] Figure 8 shows the percentage of living cells according to plating during growth 
phase of E, coli with plasmid pGFP+luc* at 30 °C as a function of the concentration of serum 
complement in the cell culture. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0015] The method according to the present invention can be used to assess the growth 
and death rate of a micro-organism within a chosen time period in any particular environment of 
interest. The method is applicable if two different marker genes can be introduced to the micro- 
5 organism that code for luminescent and/or fluorescent products, and the products of these fulfil 
at least two of the following three criteria: 

a) a said luminescent product luminesces or said fluorescent product fluoresces in an 
essentially known proportion to the amount of cells of said micro-organism alive within said 
chosen time period ; 

10 b) a said luminescent product luminesces or said fluorescent product fluoresces in an 

4f essentially known proportion to the amount of cells of said micro-organism that are or have been 
y3 alive within said chosen time period, and 

jrj c) a said luminescent product luminesces or said fluorescent product fluoresces in an 

essentially known proportion to the amount of cells of said micro-organism that have died within 
K> said chosen time period. 

p [0016] In the present application the concept "micro-organism" means any micro- 

ti organism into which marker genes can be introduced so, that they will function according to the 
J: invention. "Micro-organism" can therefore stand for bacteria, yeast or fungi. 
Hi [0017] The concept of "introducing a marker gene into a micro-organism" means any 

20 method by which a marker gene can be made to function within the micro-organism according to 
the invention. One way of introducing marker genes into micro-organism is by constructing a 
recombinant strain. This can be done by transforming a strain with a plasmid including the 
marker genes. An alternative way to introduce reporter genes to bacteria is to utilise 
transposable elements. In this technique, reporter genes are inserted between insertion sequences 
25 in a delivery plasmid. The plasmid is then introduced to a cell by e.g. conjugation of 
transformation, and once inside the cell, genes surrounded by the insertion sequences are 
integrated into bacterial chromosome. Integration is stable, i.e. there is no need for a selectable 
marker such as antibiotic resistance. 

[0018] Assessment of the growth rate and death rate of a micro-organism can be of 
30 interest in many specific environments. Within pharmaceutical research the effect of different 
drugs and candidates for drugs, e.g. antibiotics, on the survival of pathogenic, but also the 
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beneficial micro-organisms of the gut, is of interest. Thus the ultimate interest is in the 
behaviour of these micro-organisms in a physiological environment affected by drugs. 

[0019] Another vast area where the possibility of assessing growth and death rate of 
specific micro-organisms is of interest is that of production, processing, storage and distribution 
5 of all products for human consumption. In this area the behaviour of pathogenic or potentially 
harmful micro-organisms in the different environments of the life cycle of these products is of 
special interest and involves many different aspects such as the influence of temperature, 
humidity or light and the possible use of preservatives etc. 

[0020] Additionally growth and death rates of micro-organisms can be of interest for 
10 environmental evaluations e.g. when evaluating the effect of emissions into the environment. 
O [0021] Luminescent or fluorescent products coded by reporter genes in different 

yo embodiments of this invention can vary as long as their proportion to either the total amount of 
q cells alive, to cells that are or have been alive, or to cells that have died is essentially known. 
?J Growth and death rate can be assessed if two of the following: cells alive, cells that are or have 
WB been alive, or cells that have died can be determined. Thus luminescence and/or fluorescence 
rj measured can be e.g. of a product which is expressed e.g. constitutively or triggered by a specific 
S phase (e.g. replication or death) of the lifecycle of each cell, is stable or labile or which 
j: luminescence or fluorescence is dependant on a factor that relates e.g. to a specific phase of the 
TU lifecycle of each cell. Depending on the individual characteristics of said product — how 
20 produced, stable or labile, possible dependence of its luminescence or fluorescence of said 
factors etc. — the measured luminescence or fluorescence can be in proportion to one of the three 
unknown of which two must be known to be able to assess the growth rate and death rate of said 
cells. 

[0022] According to one specific embodiment of the invention assessment of the growth 
25 and death rate of an Esherichia coli strain under the influence of different chemicals or matrixes 
was enabled by constructing a recombinant strain, which expresses both luciferase and GFP. 
Altogether the effect of a number of different chemicals and matrixes, such as CdCl 2 , ethanol, 
the antibiotics chloramphenicol, rifampicin, and tetracyclin, as well as serum complement on 
said recombinant E. coli strain was tested and found applicable. 
30 [0023] The invention will be described in more detail by the following study in which 

the growth rate and death rate of a recombinant Esherichia coli strain, which expresses both 
luciferase and GFP, is assessed under the influence of ethanol or serum complement. 
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Summary of the study 

[0024] Genes for luciferase and green fluorescent protein have recently raised interest as 
reporter genes. Luciferase is an enzyme that produces luminescence in the presence of substrate 
5 luciferin, molecular oxygen and ATP. Green fluorescent protein (GFP), produces green 
fluorescence when excited with light. Many mutated forms of GFP have been introduced: some 
have different excitation and emission wavelengths from the wild type and some mutants form 
more stable proteins at higher temperatures. 

[0025] We constructed a recombinant strain of E. coli, which expresses both luciferase 
10 and GFP. In our construction we used a mutant of GFP, which is more stable at temperatures 
S over +30 °C and it matures quicker than the wild type. Luciferase was from North American 
J3 firefly, Photinus pyralis. 

S [0026] The E. coli strain MCI 061 was transformed with a plasmid including genes for 

rJ both GFP and firefly luciferase. Figure 1 describes the plasmid in general. The sequence of the 
US plasmid is disclosed in the sequence listing. Essential codings of the sequence are as follows: 
p lac promoter 95-199 

H? GFP 289-1008 

t z 

£ firefly luciferase 1 044-2696 

pQ p-lactamase 3251^4111 

20 [0027] In our construct, see Figure 1 , the luciferase gene is situated next to the GFP gene 

and both genes are transcribed in the same direction. The transcription is started at the lac 
promoter in front of GFP. The lac promoter is constitutively active, because the MC1061 cells 
lack its repressor. The plasmid also has a gene for ampicillin resistance (P-lactamase). 

[0028] The transformed E. coli strain was propagated under the influence of different 

25 concentrations of ethanol or serum complement. 



Methods 

Growth conditions 

[0029] One colony from a pure culture plate was inoculated in 5 ml of LB-medium with 
30 ampicillin (100 jig/ml) and grown at +37 °C in a shaker, 250 rpm, for about three hours. After 
that, the number of cells per millilitre was determined with flow cytometry by using fluorescent 
spherical latex particles as a reference. One million cells were then removed to an erlenmeyer 
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with 50 ml of LB medium and ampicillin. The culture was grown over night in a shaker, 190 
rpm, at room temperature to prevent the culture from growing into the stationary phase during 
the night. In the morning, the culture was transferred to and grown in a shaker, 330 rpm, until 
the stationary phase was reached or used after growth at +30 °C for about 1 h to study the 
5 influence of ethanol or serum complement as described below. 

Influence of chemicals on the propagation of E. coli 

[0030] The culture obtained as described above was used to study the influence of 
ethanol or serum complement as follows: 
Ethanol 

[003 1] Ethanol (Aa, Primalco Oy) was diluted into pure water to obtain concentrations of 
50, 45, 25, 10, 5, 1 and 0 % of ethanol when 500 \x\ of said dilution was added to 500 \i\ of said 
culture in an eppendorf tube. The mixture was vortexed and incubated for 5 minutes before 
measuring fluorescence and luminescence. Live cells were again counted by plating and also by 
live/dead staining. In the live/dead protocol used the stain cyto 9 stains all cells whereas 
propidium iodide stains only the dead cells. After staining, cells are passed through a flow 
cytometer, with which dead and live cells can be differentiated and their proportion determined. 
(Virta et al. (1998) Appl. Environ. Microbiol. 64: 515-519.) 
Serum complement 

[0032] The influence of serum complement on the said recombinant E. coli strain was 
studied using an incubation time of 90 min as described for a different recombinant E. coli strain 
used in Virta et al. (1998) Appl. Environ. Microbiol. 64: 515-519. 

Fluorescence and luminescence measurements 
25 [0033] The measurements were done with a combined fluoro- and luminometer, 

Fluoroscan Ascent FL, provided by Labsystems Ltd. (Helsinki, Finland). Cell growth was 
simultaneously followed with a flow cytometer. 

[0034] For the measurements, 100 jal of bacterial culture was pipetted into the microtiter 
plate wells. Fluorescence was measured using 485 nm for excitation and 510 nm for emission. 
30 Measuring time was 20 ms. After the fluorescence measurement 100 jal of luciferin in 0.1 M 
citric acid-sodium citrate buffer (pH 5.0) was dispensed into the wells and the plate was shaken 
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for two minutes (shaking diameter 1 mm, 1 020 rpm), after which luminescence was recorded 

with a measuring time of 1000 ms. 

Plating 

[0035] Samples for plating were diluted 10 2 to 10 7 fold with 150 mM NaCl and plated 
5 onto L agar plates (L broth containing 1.6 % agar). Colonies were counted after overnight 
incubation at 37 °C. 

Live/dead staining and Flow cytometric analysis 

[0036] Bacteria from 1 000 jj! of cell culture were used for live/dead staining and flow 
10 cytometric analysis using a LIVE/DEAD BacLight bacterial viability kit (catalogue no. L-7005) 
*2 for microscopy and quantitative analysis obtained from Molecular Probes Europe (Leiden, The 

Netherlands) and Fluoresbrite beads (diameter, 1.8 |im) obtained from Polysciences Inc. 
p (Warrington, Pa.) as described in Virta et al. (1998) Appl. Environ. Microbiol. 64: 515-519. 

¥5 Results 

0 [0037] When the cultures were transferred to +30 °C, the cells grew logarithmically for 
g 1-4 hours depending on the initial cell concentration. Luminescence and fluorescence rose 
5J logarithmically and were essentially constant per cell. Thus cell number could be assessed based 

1 ^ on luminescence or fluorescence. 

20 [0038] When ethanol was added in different concentrations to the growth medium (see 

Figures 4 and 5) death was, after a very short incubation period of 5 min, more or less 
unsignificant at ethanol concentrations below 5 % and became more significant with increasing 
ethanol concentration reaching very pronounced significance at ethanol concentrations above 10 
%. Correspondingly fluorescence (Figure 2) was essentially constant whatever the ethanol 

25 concentration in spite of dramatically decreasing corresponding live cell count according to plate 
count (Figure 4) and percentage of live cells according to the live/dead staining (Figure 5) 
whereas luminescence (Figure 3) dropped dramatically essentially corresponding to the dramatic 
drop in plate count (Figure 4) and the percentage of live cells (Figure 5) with increased ethanol 
concentration. 

30 [0039] The effect of serum complement on the growth and death of E, coli is shown in 

Figures 6 to 8. Fluorescence (Figure 6) and luminescence (Figure 7) are shown before (squares) 
and after (circles) incubation for 90 minutes with serum complement. Fluorescence (Figure 6) is 



slightly increased, during incubation regardless of the concentration of serum, whereas 
luminescence (Figure 7) decreases during incubation with increasing serum concentration. The 
decrease of luminescence during incubation with increasing concentrations of serum correlates 
clearly with the percentage of cells alive after incubation (Figure 8). 



CLAIMS 
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1 . A method to enable the assessment of the growth rate and death rate of a micro-organism 
within a chosen time period in an environment of interest by introducing into said micro- 
organism at least two reporter genes, which method is characterised in that 

a) said reporter genes code for luminescent and/or fluorescent products and 
within said time period and environment at least two said products of the following are 
produced: 

i) an essentially stable product produced in a, within the environment 
of interest, essentially known proportion to the total amount of cells of said micro- 
organism that are or have been alive within said chosen time period, 

ii) a product present in said environment of interest in an essentially 
known proportion to the amount of cells alive at any moment within said chosen time 
period, and 

iii) an essentially stable product produced in a, within the environment 
of interest, essentially known proportion to the total amount of cells of said micro- 
organism that have died within said chosen time period, 

and said products can be measured through their luminescence and/or fluorescence; 

b) said micro-organism is incubated within the environment of interest and 
said luminescence and/or fluorescence is detected after said chosen time period, and 

c) the growth and death rate of the said micro-organism is assessed based on 
at least two of the following: 

i) the known proportion of luminescence or fluorescence to the 
amount of cells alive after any said chosen time period, 

ii) the known proportion of luminescence or fluorescence to the total 
amount of cells that are or have been alive within any said chosen time period, and 

iii) the known proportion of luminescence or fluorescence to the total 
amount of cells that have died within any said chosen time period. 

2. The method according to claim 1 characterised in that said micro-organism is a gram 
negative bacteria, e.g. Escherichia coli. 
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3. The method according to claim 1 [or 2] characterised in that 

a) one reporter gene coding for a luminescent product is luciferase, which is 
used for the determination of amount of cells alive at any moment within said chosen 
time period, and 

b) another reporter gene coding for a fluorescent product is green fluorescent 
protein (GFP), which is used for the determination of total amount of cells of said micro- 
organism that are or have been alive within said chosen time period. 

4. The method according to claim 1 [or 2] characterised in that said reporter genes are 
introduced into said micro-organism in a plasmid. 

5. The [A] method according to [the methods of] claim 3 [or 4] characterised in that said 
plasmid is pGFP+luc* (SEQ ID NO: 1). 

6. The method according to claim 2 characterised in that 

a) one reporter gene coding for a luminescent product is luciferase, which is 

used for the determination of amount of cells alive at any moment within said chosen 
time period, and 

b) another reporter gene coding for a fluorescent product is green fluorescent 
protein (GFP\ which is used for the determination of total amount of cells of said micro- 
organism that are or have been alive within said chosen time period. 

7. The method according to claim 2 characterised in that said reporter genes are introduced 
into said micro-organism in a plasmid. 

8. The method according to claim 4 characterised in that said plasmid is pGFP+luc* fSEO 
ID NO: I). 
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The method according to claim 6 characterised in that said plasmid is pGFP+luc* (SEP 
ID NO: 1). 



10. 
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The method according to claim 7 characterised in that said plasmid is pGFP+luc* (SEP 



ID NO: 1Y 
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ABSTRACT 

[0040] A method to enable the assessment of the growth rate and death rate of a micro- 
organism within a chosen time period in an environment of interest. The method is characterised 
in that 

a) two reporter genes are introduced to said micro-organism wherein, the reporter 
genes used code for luminescent and/or fluorescent products and at least two of the following 
products: an essentially stable product produced in an essentially known proportion to the total 
amount of cells of said micro-organism that are or have been alive within said chosen time 
period; a product present in an essentially known proportion to the amount of cells alive at any 
moment within said chosen time period; and an essentially stable product produced in an 
essentially known proportion to the total amount of cells of the said micro-organism that have 
died within said chosen time period, and said products can be measured through their 
luminescence and/or fluorescence; 

b) the said micro-organism is incubated and said luminescence and/or fluorescence 
is detected after said chosen time periods, and 

c) the growth and death rate of the said micro-organism is assessed based on at least 
two of the following: the known proportion of luminescence or fluorescence to the amount of 
cells alive after any said chosen time period; the known proportion of luminescence or 
fluorescence to the total amount of cells that are or have been alive within any said chosen time 
period; and the known proportion of luminescence or fluorescence to the total amount of cells 
that have died within any said chosen time period. 



TITLE OF THE INVENTION 



A METHOD TO ENABLE ASSESSMENT OF 
GROWTH AND DEATH OF MICRO-ORGANISMS 



5 CROSS-REFERENCE TO RELATED APPLICATION 

[0001] The present application is a national stage filing under 35 U.S.C. §371 of 
PCT/FIOO/00507 filed on 7 June 2000 and claims priority under 35 U.S.C. §119 to Finland 
patent application No. 991296 filed on 7 June 1999. 

10 [0002] This invention relates to a method to enable the assessment of growth and death 

of a micro-organism within a chosen time period in an environment of interest. 

'% BACKGROUND OF THE INVENTION 

J: [0003] When studying growth and death of a micro-organism under the influence of 

O specific environments, e.g. production and storage environments that e.g. could or could not be 

m 

«j refrigerated, or involving chemicals or matrixes, e.g. antibiotics, microbial toxins, heavy metals 
f 1 and serum complement, microbial cultures are most often incubated for hours or days. In these 
H circumstances death and growth occur simultaneously. If additionally some of the cells lyse, e.g. 
P when analysing the serum complement, it is difficult to know to what one should compare the 

51) amount of living cells at the end of the experiment. Convenient methods to determine the 

iy number of living cells, e.g. by measuring luciferase bioluminescence, are known but if no more 
information is available it is impossible to assess to what extent growth or/and death of the 
micro-organisms takes or has taken place. 

[0004] Growth rates and death rates of micro-organisms in specific environments are of 

25 interest in many areas. Death rates and growth rates of micro-organisms and especially harmful 
and/or pathogenic micro-organisms are of importance in risk assessments of products of the 
pharmaceutical industry and products for human consumption with regard to their production, 
storage and distribution to the consumers. Knowledge of death and growth rates of micro- 
organisms are of particular importance in specific applications such as in the development of 

30 antibiotics, disinfectants and bactericidal products or monitoring of sterilisation, disinfection and 
cleaning processes. 

[0005] Reporter genes coding for luminescent or/and fluorescent products have been 
introduced to micro-organisms to enable the assessment of the quantity or survival of living 



micro-organisms (WO 96/23898, WO 98/14605, WO 98/30715, WO 98/36081, US 5,824,468). 
Even simultaneous use of luminescent and fluorescent markers has been used (Fratamico et al., 
Journal of Food Protection, Vol 50 No 10, 1997, 1167-1173). Luminescent and fluorescent 
markers have, however, only been used as markers for survival of micro-organisms and the use 
of two different markers within one micro-organism enabling the differentiation between growth 
and death rates has not been reported. 

OBJECT AND SUMMARY OF THE INVENTION 

[0006] The object of the present invention is to provide a method to enable the 
assessment of the growth and death of a micro-organism within a chosen time period in an 
environment of interest by introducing into said micro-organism at least two reporter genes. The 
method is characterised in that 

a) said reporter genes code for luminescent and/or fluorescent products and within 
said time period and environment at least two said products of the following are 
produced: 

i) an essentially stable product produced in a, within the environment of 
interest, essentially known proportion to the total amount of cells of said 
micro-organism that are or have been alive within said chosen time 
period, 

ii) a product present in said environment of interest in an essentially known 
proportion to the amount of cells alive at any moment within said chosen 
time period and 

iii) an essentially stable product produced in a, within the environment of 
interest, essentially known proportion to the total amount of cells of said 
micro-organism that have died within said chosen time period, 

and said products can be measured through their luminescence and/or 
fluorescence; 

b) said micro-organism is incubated within the environment of interest and said 
luminescence and/or fluorescence is detected after said chosen time period, and 

c) the growth and death rate of the said micro-organism is assessed based on at least 
two of the following: 



i) the known proportion of luminescence or fluorescence to the amount of 
cells alive after any said chosen time period, 

ii) the known proportion of luminescence or fluorescence to the total amount 
of cells that are or have been alive within any said chosen time period, 

5 and 

iii) the known proportion of luminescence or fluorescence to the total amount 
of cells that have died within any said chosen time period. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 [0007] Figure 1 shows plasmid pGFP+luc* including genes for both GFP and firefly 

O luciferase. 

yn [0008] Figure 2 shows fluorescence during growth phase of E. coli with plasmid 

5 pGFP+luc* at 30 °C as a function of the concentration of ethanol in the cell culture. 

!£j [0009] Figure 3 shows luminescence during growth phase of E. coli with plasmid 

V$ pGFP+luc* at 30 °C as a function of the concentration of ethanol in the cell culture. 

p [0010] Figure 4 shows the amount of living cells, i.e. colony forming units, according to 

j£j plating during growth phase of E. coli with plasmid pGFP+luc* at 30 °C as a function of the 

concentration of ethanol in the cell culture, 
fy [0011] Figure 5 shows the percentage of living cells according to live/dead staining and 

20 flow cytometric analysis during growth phase of E. coli with plasmid pGFP+luc* at 30 °C as a 

function of the concentration of ethanol in the cell culture. 

[0012] Figure 6 shows fluorescence before and after incubation with serum complement 

during growth phase of E. coli with plasmid pGFP+luc* at 30 °C as a function of the 

concentration of serum complement in the cell culture. 
25 [0013] Figure 7 shows luminescence before and after incubation with serum complement 

during growth phase of E. coli with plasmid pGFP+luc* at 30 °C as a function of the 

concentration of serum complement in the cell culture. 

[0014] Figure 8 shows the percentage of living cells according to plating during growth 

phase of E. coli with plasmid pGFP+luc* at 30 °C as a function of the concentration of serum 
30 complement in the cell culture. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0015] The method according to the present invention can be used to assess the growth 
and death rate of a micro-organism within a chosen time period in any particular environment of 
interest. The method is applicable if two different marker genes can be introduced to the micro- 
5 organism that code for luminescent and/or fluorescent products, and the products of these fulfil 
at least two of the following three criteria: 

a) a said luminescent product luminesces or said fluorescent product fluoresces in an 
essentially known proportion to the amount of cells of said micro-organism alive within said 
chosen time period ; 

10 b) a said luminescent product luminesces or said fluorescent product fluoresces in an 

S essentially known proportion to the amount of cells of said micro-organism that are or have been 
tn alive within said chosen time period, and 

J! c) a said luminescent product luminesces or said fluorescent product fluoresces in an 

essentially known proportion to the amount of cells of said micro-organism that have died within 
§1> said chosen time period. 

m [0016] In the present application the concept "micro-organism" means any micro- 

^ organism into which marker genes can be introduced so, that they will function according to the 
«p invention. "Micro-organism" can therefore stand for bacteria, yeast or fungi. 
5j [0017] The concept of "introducing a marker gene into a micro-organism" means any 

20 method by which a marker gene can be made to function within the micro-organism according to 
the invention. One way of introducing marker genes into micro-organism is by constructing a 
recombinant strain. This can be done by transforming a strain with a plasmid including the 
marker genes. An alternative way to introduce reporter genes to bacteria is to utilise 
transposable elements. In this technique, reporter genes are inserted between insertion sequences 
25 in a delivery plasmid. The plasmid is then introduced to a cell by e.g. conjugation of 
transformation, and once inside the cell, genes surrounded by the insertion sequences are 
integrated into bacterial chromosome. Integration is stable, i.e. there is no need for a selectable 
marker such as antibiotic resistance. 

[0018] Assessment of the growth rate and death rate of a micro-organism can be of 
30 interest in many specific environments. Within pharmaceutical research the effect of different 
drugs and candidates for drugs, e.g. antibiotics, on the survival of pathogenic, but also the 
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beneficial micro-organisms of the gut, is of interest. Thus the ultimate interest is in the 

behaviour of these micro-organisms in a physiological environment affected by drugs. 

[0019] Another vast area where the possibility of assessing growth and death rate of 

specific micro-organisms is of interest is that of production, processing, storage and distribution 
5 of all products for human consumption. In this area the behaviour of pathogenic or potentially 

harmful micro-organisms in the different environments of the life cycle of these products is of 

special interest and involves many different aspects such as the influence of temperature, 

humidity or light and the possible use of preservatives etc. 

[0020] Additionally growth and death rates of micro-organisms can be of interest for 
10 environmental evaluations e.g. when evaluating the effect of emissions into the environment. 
O [0021] Luminescent or fluorescent products coded by reporter genes in different 

y3 embodiments of this invention can vary as long as their proportion to either the total amount of 
S cells alive, to cells that are or have been alive, or to cells that have died is essentially known. 

Growth and death rate can be assessed if two of the following: cells alive, cells that are or have 
U5 been alive, or cells that have died can be determined. Thus luminescence and/or fluorescence 
p measured can be e.g. of a product which is expressed e.g. constitutively or triggered by a specific 

E a * 

phase (e.g. replication or death) of the lifecycle of each cell, is stable or labile or which 
HF luminescence or fluorescence is dependant on a factor that relates e.g. to a specific phase of the 
nj lifecycle of each cell. Depending on the individual characteristics of said product — how 
20 produced, stable or labile, possible dependence of its luminescence or fluorescence of said 

factors etc. — the measured luminescence or fluorescence can be in proportion to one of the three 

unknown of which two must be known to be able to assess the growth rate and death rate of said 

cells. 

[0022] According to one specific embodiment of the invention assessment of the growth 
25 and death rate of an Esherichia coli strain under the influence of different chemicals or matrixes 
was enabled by constructing a recombinant strain, which expresses both luciferase and GFP. 
Altogether the effect of a number of different chemicals and matrixes, such as CdCl 2 , ethanol, 
the antibiotics chloramphenicol, rifampicin, and tetracyclin, as well as serum complement on 
said recombinant E. coli strain was tested and found applicable. 
30 [0023] The invention will be described in more detail by the following study in which 

the growth rate and death rate of a recombinant Esherichia coli strain, which expresses both 
luciferase and GFP, is assessed under the influence of ethanol or serum complement. 
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Summary of the study 

[0024] Genes for luciferase and green fluorescent protein have recently raised interest as 
reporter genes. Luciferase is an enzyme that produces luminescence in the presence of substrate 
5 luciferin, molecular oxygen and ATP. Green fluorescent protein (GFP), produces green 
fluorescence when excited with light. Many mutated forms of GFP have been introduced: some 
have different excitation and emission wavelengths from the wild type and some mutants form 
more stable proteins at higher temperatures. 

[0025] We constructed a recombinant strain of E. coli, which expresses both luciferase 
10 and GFP. In our construction we used a mutant of GFP, which is more stable at temperatures 
D over +30 °C and it matures quicker than the wild type. Luciferase was from North American 

=~=? 

yo firefly, Photinus pyralis. 

f5 [0026] The E. coli strain MCI 061 was transformed with a plasmid including genes for 

rLJ both GFP and firefly luciferase. Figure 1 describes the plasmid in general. The sequence of the 
W5 plasmid is disclosed in the sequence listing. Essential codings of the sequence are as follows: 
p lac promoter 95-199 

S GFP 289-1008 

jp firefly luciferase 1044-2696 

m P-lactamase 3251^1111 

20 [0027] In our construct, see Figure 1, the luciferase gene is situated next to the GFP gene 

and both genes are transcribed in the same direction. The transcription is started at the lac 
promoter in front of GFP. The lac promoter is constitutively active, because the MCI 061 cells 
lack its repressor. The plasmid also has a gene for ampicillin resistance (p-lactamase). 

[0028] The transformed E. coli strain was propagated under the influence of different 

25 concentrations of ethanol or serum complement. 

Methods 

Growth conditions 

[0029] One colony from a pure culture plate was inoculated in 5 ml of LB-medium with 
30 ampicillin (100 ng/ml) and grown at +37 °C in a shaker, 250 rpm, for about three hours. After 
that, the number of cells per millilitre was determined with flow cytometry by using fluorescent 
spherical latex particles as a reference. One million cells were then removed to an erlenmeyer 
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with 50 ml of LB medium and ampicillin. The culture was grown over night in a shaker, 190 
rpm, at room temperature to prevent the culture from growing into the stationary phase during 
the night. In the morning, the culture was transferred to and grown in a shaker, 330 rpm, until 
the stationary phase was reached or used after growth at +30 °C for about 1 h to study the 
5 influence of ethanol or serum complement as described below. 

Influence of chemicals on the propagation of E. coli 

[0030] The culture obtained as described above was used to study the influence of 
ethanol or serum complement as follows: 
Ethanol 

[0031] Ethanol (Aa, Primalco Oy) was diluted into pure water to obtain concentrations of 
50, 45, 25, 10, 5, 1 and 0 % of ethanol when 500 (il of said dilution was added to 500 pi of said 
culture in an eppendorf tube. The mixture was vortexed and incubated for 5 minutes before 
measuring fluorescence and luminescence. Live cells were again counted by plating and also by 
live/dead staining. In the live/dead protocol used the stain cyto 9 stains all cells whereas 
propidium iodide stains only the dead cells. After staining, cells are passed through a flow 
cytometer, with which dead and live cells can be differentiated and their proportion determined. 
(Virta et al. (1998) Appl, Environ. Microbiol. 64: 515-519.) 
Serum complement 

[0032] The influence of serum complement on the said recombinant E. coli strain was 
studied using an incubation time of 90 min as described for a different recombinant E. coli strain 
used in Virta et al. (1998) Appl. Environ. Microbiol. 64: 515-519. 

Fluorescence and luminescence measurements 
25 [0033] The measurements were done with a combined fluoro- and luminometer, 

Fluoroscan Ascent FL, provided by Labsystems Ltd. (Helsinki, Finland). Cell growth was 
simultaneously followed with a flow cytometer. 

[0034] For the measurements, 100 pi of bacterial culture was pipetted into the microtiter 
plate wells. Fluorescence was measured using 485 nm for excitation and 510 nm for emission. 
30 Measuring time was 20 ms. After the fluorescence measurement 100 pi of luciferin in 0.1 M 
citric acid-sodium citrate buffer (pH 5.0) was dispensed into the wells and the plate was shaken 
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for two minutes (shaking diameter 1 mm, 1 020 rpm), after which luminescence was recorded 

with a measuring time of 1000 ms. 

Plating 

[0035] Samples for plating were diluted 10 2 to 10 7 fold with 150 mM NaCl and plated 
5 onto L agar plates (L broth containing 1.6 % agar). Colonies were counted after overnight 
incubation at 37 °C. 

Live/dead staining and Flow cytometric analysis 

[0036] Bacteria from 1 000 \il of cell culture were used for live/dead staining and flow 
10 cytometric analysis using a LIVE/DEAD BacLight bacterial viability kit (catalogue no. L-7005) 
O for microscopy and quantitative analysis obtained from Molecular Probes Europe (Leiden, The 
yS Netherlands) and Fluoresbrite beads (diameter, 1.8 jam) obtained from Polysciences Inc. 

(Warrington, Pa.) as described in Virta et al. (1998) Appl. Environ. Microbiol. 64: 515-519. 

? a"; 

§3 Results 

q [0037] When the cultures were transferred to +30 °C, the cells grew logarithmically for 

;ff 1-4 hours depending on the initial cell concentration. Luminescence and fluorescence rose 
42 logarithmically and were essentially constant per cell. Thus cell number could be assessed based 
nj on luminescence or fluorescence. 

20 [0038] When ethanol was added in different concentrations to the growth medium (see 

Figures 4 and 5) death was, after a very short incubation period of 5 min, more or less 
unsignificant at ethanol concentrations below 5 % and became more significant with increasing 
ethanol concentration reaching very pronounced significance at ethanol concentrations above 10 
%. Correspondingly fluorescence (Figure 2) was essentially constant whatever the ethanol 

25 concentration in spite of dramatically decreasing corresponding live cell count according to plate 
count (Figure 4) and percentage of live cells according to the live/dead staining (Figure 5) 
whereas luminescence (Figure 3) dropped dramatically essentially corresponding to the dramatic 
drop in plate count (Figure 4) and the percentage of live cells (Figure 5) with increased ethanol 
concentration. 

30 [0039] The effect of serum complement on the growth and death of E. coli is shown in 

Figures 6 to 8. Fluorescence (Figure 6) and luminescence (Figure 7) are shown before (squares) 
and after (circles) incubation for 90 minutes with serum complement. Fluorescence (Figure 6) is 



slightly increased, during incubation regardless of the concentration of serum, whereas 
luminescence (Figure 7) decreases during incubation with increasing serum concentration. The 
decrease of luminescence during incubation with increasing concentrations of serum correlates 
clearly with the percentage of cells alive after incubation (Figure 8). 



